Abstract -There are large areas of Oxisols in South America, including Brazil, with low fertility and acidity. To improve crop yields on these Oxisols, liming and fertilization is an essential practice. However, besides the high cost of fertilizers, chemical fertilizers cannot be used in organic production systems, except insoluble sources. Ash is one of the alternative source of supplying macro and micronutrients. A field experiment was conducted, in a completely randomized block design in a factorial arrangement (three sources of ash x four rates) resulting on 12 treatments, to evaluate the effect of source and rate of ash application on soil chemical properties. The treatments consisted of three sources (bagasse, bagasse+PJ07-A and bagasse+PJ07-RA) of sugarcane ash applied in four rates as 0; 5; 15 and 30 Mg ha . Results showed that the use of ash significantly improved soil chemical properties such as pH, P, K, Mg, base saturation, K and Mg saturation and significantly reduced soil acidity (H+Al). Depending on the ash source or rate, some of the soil chemical properties were affected, however, the effect of ash source was not so pronounced as compared with ash rate. Ashes application resulted on a soil nutritional condiction enough to guarantee the growth and yield of most annual crops. Ash sources were equally effective in reducing acidity and improving soil fertility under this study condition, while increasing ash rate provides decrease in H+Al content and increase in pH, Mg, P and K.
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Therefore, the use of ash in cropping systems, including organic systems may allow to improve soil chemical properties (PERUCCI et al., 2008; SAARSALMI et al., 2006) , and contribute to increase the yield (MOYIN-JESU, 2007; SAARSALMI et al., 2006; ) . Studies suggest that ashes are high in nutrient contents and had been used as a soil amendment (ADRIANO et al., 1980) without any adverse effects on soil and crop (SELL et al., 1989) , consisting an alternative to substitute part of the fertilizer requirements (GÓRECKA et al., 2006) . However, nutrient contents in ashes may vary according to its origin material. Thus, the objective of this study was to determine changes in soil chemical properties as a result of different ashes sources and rates application.
Material and methods
The experiment was conducted on an Integrated System for Agroecological Production at the Empresa Brasileira de Pesquisa Agropecuária -EMBRAPANational Rice and Beans Research Center, Capivara farm, Santo Antônio de Goiás county, state of Goiás, in the central part of Brazil (latitude 16º29'40" S, longitude 49º17'30" W and 823 m above sea level). According to the Köppen classification, the local climate is classified as Aw, tropical savanna, megathermic. The rainfall regime is well defined, with the rainy and dry seasons from October to April and from May to September, respectively, with annual rainfall mean of 1460 mm (SILVA et al., 2002) . The soil of the experimental area was an Oxisol, cultivated under organic production system, in which soil was maintained since 2003 under leguminous cover crops (Crotalaria juncea, Mucuna aterrina, Cajanus cajan and Canavalia ensiformis) followed by rice (Oriza sativa) and common bean (Phaseolus vulgaris) to compose the used cropping rotation system on each agricultural season. The chemical and physical properties of the soil before experiment installation are presented in Table 1 .
The experiment was carried out in the period comprising the summer season. Ashes were mixed into soil on 29 October 2007 and rice was cultivated from November 2007 to February 2008, when climate conditions were relatively constant over the entire plant growth period (TAB. 2).
The experimental design used consisted of a completely randomized block in a factorial arrangement 3 x 4 with four replicates. Three types of ash (bagasse, bagasse+PJ07-A and bagasse+PJ07-RA) in four application rates (0, 5, 15 and 30 ton ha -1
Introduction
Brazil is the largest sugarcane producing country in the world with a harvested area of 8,598,440 ha, and sugarcane production about 690 million ton on 2009 (FAO, 2010) , used for sugar and alcohol production, generating about 100 millions of tons of sugarcane bagasse as residue. Similarly, Brazil is the largest world cattle producer with about 204 million heads, representing 17% of the world cattle production on 2009 (FAO, 2010) . Sugarcane as well as cattle production and meat processing generates great amounts of organic residues, such as sugarcane bagasse, filter cake, stillage, tallow, fat, blood and bones which show great environmental problems related to its disposal. However, virtually all industrial sugarcane and meat processing residues are potencially reused.
Sugarcane bagasse can be used for animal feed (SELMAN-HOUSEIN et al., 2000) or for the generation of energy (ALONSO-PIPPO et al., 2008; MIRZA et al., 2008) through bagasse burning resulting in great amounts of ash, which are frequently disposed without treatment on the environment. The same problem is observed for organic residues of meat processing. Besides the environmental contamination, the non-use of these residues implies on natural resources wasting.
Therefore, the burning of sugarcane bagasse amended with organic residues of meat processing could result in ashes with elevated levels of some nutrients, such as calcium, potassium and phosphorus, leading to improve the production system sustainability. Notwithstanding, research studies involved on this subject are still scarce.
Depending on the material of origin, ash can provide significant amounts of macro and micronutrients, and may be used to replace mineral fertilization and liming, depending on the soil nutritional balance and the crop needs according to its productivity level (LEE et al., 2006; SALEQUE et al., 2004) . For example, rice husk ash, a huge by-product from rice milling, may also be applied to rice fields to supply K, Ca, Mg and other minerals (HASHIM et al., 1996) , while fly ash from coal combustion is a glassy material with a very high available Si content (ADRIANO et al., 1980) . Although soils have an inherent quality as related with their physical, chemical and biological properties, land management plays an important role on the soil quality (DORAN, 2002) . Thus, organic production systems are indicated to be used due to the low external inputs, and soil management practices are employed aiming to minimize deleterious effects on the environment. According to Oquist et al. (2007) , alternative agricultural practices, such as soils cropped under organic systems have also been described as environmentally beneficial. To obtain the ash "bagasse", sugarcane bagasse was burned alone and the ash was collected at the room of ashes. In order to obtain bagasse+PJ07-A and bagasse+PJ07-RA, sugarcane bagasse were mixed with PJ07 (85% of bagasse and 15% of PJ07), and ashes were collected in the ashtray (bagasse+PJ07-A) and room of ashes (bagasse+PJ07-RA), respectively, since in the ashtray remains bones and other heavy materials while fine particles of ash are deposited only in the room of ashes. The PJ07 is a mixture of bovine subproducts, such as fat, bone and blood, produced by Recycling Industry of Animal subproducts Mato Grosso LTDA. All ash types were analyzed before application and its chemical characteristics are presented in table 3. These analyses showed that all source of ashes were partially burned, since they show high content of organic matter (TAB. 3).
To determine the effects of both, source and application rate of ash on soil chemical properties, soil samples were collected on 18 March 2008 (132 days after ashes mixing). For soil chemical analysis, five samples were collected from each plot at 0-20 cm soil depth and a composite sample was Table 3 -Chemical characteristics of the ashes Bagasse: Sugarcane bagasse burned alone and collected at the room of ashes; Bagasse+PJ07-A: Sugarcane bagasse mixed with PJ07 and collected in the ashtray; Bagasse+PJ07-RA: Sugarcane bagasse mixed with PJ07 and collected in the room of ashes; PJ07: Mix of bovine sub-products; O. M: Organic matter made. Soil samples were placed over paper towels at room temperature to dry and then milled. It were analyzed the soil pH and the contents of P, K 
Results and discussion
The analysis of variance showed that some soil chemical properties such as pH and the content of P and K were significantly affected by the source of ash (TAB. 4). These findings corroborates with Demeyer et al. (2001) which attibuted the increase of soil pH and decrease Table 4 -Influence across source and rate of ash on some soil chemical properties at 132 days after application Bagasse: Sugarcane bagasse burned alone and collected at the room of ashes; Bagasse+PJ07-A: Sugarcane bagasse mixed with PJ07 and collected in the ashtray; Bagasse+PJ07-RA: Sugarcane bagasse mixed with PJ07 and collected in the room of ashes; PJ07: Mix of bovine sub-products. Rate: expressed on Mg ha -1 . **, * and ns: interaction significance by F-test at p < 0.01, p < 0.05 and non significant, respectively. C org : Organic carbon. Means in the same column followed by the same or none letter are not different by the Tukey test (p < 0.05) Table 4 . These are very important finding because in Brazilian Oxisols, high productivities of most annual crops such as dry bean, soybean and corn can be achieved at pH around 6.5 (FAGERIA et al., 2007) , which can be reached by using the sources and rates of ash evaluated in this study (TAB. 4).
Phosphorus and K levels were significantly increased with sources and rates of ashes, as well as its interaction (TAB. 4). The P contents of the soil was more pronounced affected by the addition of Bagasse+PJ07-RA, in which the highest value found was about 400 mg dm -3 (TAB. 4), while for K contents significant effect was observed for the use of Bagasse and Bagasse+PJ07-A.
These results indicate that the P and K contents are enough to provide the maximum economic yield of annual crops, since for Cerrado Oxisols was stated that levels of P around 10-15 mg kg -1 by the Mehlich 1 extracting solution and of K higher than 50 mg kg -1 can promote good yields for the most annual crops in these soils (FAGERIA, 1992) . Besides, the application of fertilizers for soybean, corn and common bean in the established no-tillage system and with high P content and medium K content can be performed independent of the localization (furrow or total area) and period (winter and summer). Even with medium K content, there is no need to apply fertilizers in the sowing furrow, not even the presence of this nutrient in the furrow interferes negatively on the yields of corn, common bean and soybean (PAULETTI et al., 2010) .
Levels of micronutrients (Cu, Zn, Fe, Mn) and C org were not influenced by ash sources and rates (TAB. 4); however, according to Fageria et al. (1997) the contents found on the different sources and rate of ashes are sufficient for adequate growth and development of annual crops.
Although no changes were observed on Ca and Mg contents (TAB. 4), some studies have shown effect of ash application on soil macroelements. According to Mandre et al. (2006a) , Mg concentration were very small at the beginning of the experiments, but an increase in the Mg concentration in soil was established one year after the treatment. They also related that the increase of Klason lignin as a result of ash application correlated negatively with N and positively with K, Mg and Ca in soil. Besides, large increases in concentrations of inorganic Ca and Mg with ash relative to lime and especially increases in K reflected the supply of these elements by ash (NKANA et al., 2002) .
The same soil chemical properties affected by the source of ash were also influenced by ash rate. In addition, ash rate also significantly changed the contents of Mg, H+Al and Cu in the soil (TAB. 4), in way that the greater rates of ash promoted a general improve on the soil chemical properties. Our findings are supported by the results of Mandre (2006a) , which reported a strong relationship among ash rate and some soil nutrients.
Source of ash only affected K Sat; however, BS, Ca Sat, Mg Sat and K Sat were influenced by the rates of ash at 5% (TAB. 5). Since ashes are composed by alkaline elements (MANDRE et al., 2006b ), on a shortterm the increase of its rate may change the balance of these elements on the soil solution. Bagasse: Sugarcane bagasse burned alone and collected at the room of ashes; Bagasse+PJ07-A: Sugarcane bagasse mixed with PJ07 and collected in the ashtray; Bagasse+PJ07-RA: Sugarcane bagasse mixed with PJ07 and collected in the room of ashes; PJ07: Mix of bovine sub-products. Rate: expressed on Mg ha -1 . * and ns: significant and non significant, respectively, interaction by F-test (p < 0.05). Ca sat, Mg sat and K sat = Ca, Mg and K saturation, respectively. * significant at the (p < 0.05); ns-non significant. Means in the same column followed by the same or none letter are not different by the Tukey test (p < 0.05) E. P. B. Ferreira et al. ) promoted an increase of 25%; 20%; 25% and 86% on BS, Ca Sat, Mg Sat and K Sat, respectively, which corroborate with the results found by Im-Erb et al. (2004) . The critical values for Ca and Mg saturation percentages, which are used as an indicator of calcium and magnesium deficiency for most plants, are 25-30 and 5% respectively (ADAMS, 1984; KAMPRATH, 1984) . Both calcium and magnesium levels in this study were found to be close or higher than the critical values.
Significant interactions were observed among source of ash and rate (SA x R) for pH, Mg, H+Al, P, K, BS, Mg sat and K sat, while the other soil chemical properties did not show significant interaction (TAB. 4 and 5). Ash application as soil amendment is principally used to improve the chemical properties of the soil because of its high alkalinity and elevated contents in alkaline earth elements (MANDRE, 2006a) . Ashes are therefore excellent amendments for tropical acid soils to reduce Al and Mn toxicity. Considering its chemical composition, ash constitutes an excellent source of major and minor nutrient elements and is therefore of interest in correcting certain nutrient deficiencies in soils (DEMEYER et al., 2001 ). Significant interactions found in our work were analyzed and mean comparisons are given on TAB. 6.
For all sources of ash and considering the evaluated soil chemical properties, the best results were mainly achieved at the highest ash rate ). The effect of ash rates within all ash types, indicates that ash rate influence on soil chemical properties is determined by its source. In all the three sources of ash, soil pH was significantly higher at 30 Mg ha -1 treatment compared to lower rates of ash, except Bagasse+PJ07-RA. Soil pH increased from 6.20 to 7.18 by increasing bagasse rate, 6.43 to 7.08 by increasing bagasse+PJ07-A rate, and 6.48 to 6.98 by increasing bagasse+PJ07-RA rate (TAB 6).
Regression analysis revealed the influence of ash rates on soil chemical properties as presented in FIG. 1 . There were significant changes in soil pH and contents of Mg, H+Al, P and K with the application of four rates of ash. Increasing rates of ash in the range of 0 to 30 Mg ha -1 increased soil pH linearly with determination coefficient around 98%. Similarly values of Mg, P and K were increased significantly in a linear model with increasing ash rates. Similarly, the contents of P, K and Mg increased in the soil as a result of the increasing of the ash rates, showing determination coefficients of 91.81%, 92.11% and 92.56%, respectively. On the other hand, H+Al content decreased significantly in a linear model with increasing ash rate (FIG. 1) . However, soil contents of Ca, Cu, Zn, Fe, Mn and C org were not affected by ash treatments (TAB. 4). These results corroborates some works wich had reported similar effects of ash on soil chemical properties at rates varying from 5 Mg ha , which means that under the studied conditions even at the lowest applied ash rate (5 Mg ha -1 ) is sufficient to provide an adequate content of Mg in Cerrado Oxisols for annual crops.
Ash source promoted significant differences for K saturation in which smallest values of K saturation was observed for Bagasse+PJ07-A. This result can be related with the chemical characteristics of the ashes, since Bagasse+PJ07-A showed the smallest content of K among ash types (TAB. 3) thus, each type of ash showed distinct capacity to provide K to soil solution, corroborating the findings of Nkana et al. (2002) . BLASCHKE et al., 2002 ) these parameters were not influenced by ash source in this study (TAB. 5).
However, influence of ash rates were observed for base saturation, Ca saturation, Mg saturation and K saturation (TAB. 5), hence greater rates resulted in an increasing on the values of these soil properties (FIG. 2) .
Base saturation, Ca, K and Mg saturation significantly increased with the addition of ash in the range of 0 to 30 Mg ha -1 (FIG. 2) . In Brazilian Oxisols the adequate level of base saturation, Ca saturation, Mg saturation and K saturation is around 60, 40, 15 and 4%, respectively (FAGERIA; BALIGAR, 2001; FAGERIA; STONE, 2004) . This means that, under our study conditions, any source of ash at 5 Mg ha -1 provide saturation conditions of nutrients sufficient for the growth of of most annual crops like dry bean, soybean and corn. However, as there was no effect of ash source in some of the studied parameters, economic studies should be done to assess the feasibility of using these ashes, especially those to which the product PJ07 was incorporated.
Conclusion
Under our study condition we can conclude that depending on the ash source or rate, some of the soil chemical properties are affected, however, the effect of ash source is not so pronounced as compared with ash rate. Ash application led the soil nutritional status to a level enough to guarantee nutritional conditions for the growth and yield of most annual crops. The three ash sources (bagasse, bagasse+PJ07, and bagasse+PJ07-RA) were equally effective in reducing acidity and improving soil fertility under this study condition, while increasing ash rate provides decrease in H+Al content and increase in pH, Mg, P and K.
